This study defined the differences in physical qualities
Introduction
Team handball is a multi-component sport (Šibila et al., 2004; Zapartidis et al., 2009a) . One of the main factors that appears to distinguish an elite from an average male athlete is ball throwing velocity (Gorostiaga et al., 2004; Zapartidis et al., 2009b) .
Ball throwing velocity may be influenced by certain anthropometric characteristics (Skoufas et al., 2003; Zapartidis et al., 2009c) , as well as physical fitness capacity and specific motor abilities, as shown in a study involving young female handball players (Zapartidis et al., 2009c) .
The designation and identification of talents for team sports at a young age is more complex and differs significantly from the identification of talents in individual sports. The coaches believe that certain anthropometric characteristics and motor abilities are the most important prognostic factors of future performance (Lidor et al., 2000) .
Body height is greater than the average population and it's importance during the game correlates with the playing position that the athlete holds on the court (Srhoj et al., 2002) . Back players are the tallest with the largest arm span followed by goalkeepers, whereas wing players are the shortest members of the team (Srhoj et al., 2002; Chaouachi et al., 2009 ).
Maximal oxygen uptake for elite players is high (Buchheit et al., 2009) , while no differences are reported between playing positions.
Regarding motor abilities, goalkeepers seem to be least fit (Rogulj et al., 2005; Chaouachi et al., 2009 ).
There are only few comparisons of the 
Material and methods

Participants
The sample consisted of 182 male young handball players from all over Greece, with a mean age of 14.26 ± 0.44 years and 4.46 ± 1.67 years of playing experience. Players were classified according to their playing positions into 5 groups: backs (n = 55), pivots (n = 27), wings (n = 43) centre backs (n = 29) and goalkeepers (n = 28).
All players participated at the highest league for their age category for which they were participating in 3 training sessions and one game 
Anthropometry
The anthropometric characteristics included body height and mass, body mass index (kg·m -2 ), arms span and hand length. Body height was measured at standing position with the shoulders and heels adjacent to a wall using a height meter (220 Seca, Germany). The intra-class correlation coefficient (ICC) for test-retest reliability and the typical error (TE) of measurement (Hopkins, 2000) was 0.99 and 0.1%. Body mass was measured using a precision scale (Bilance Salus, Italy) to the nearest 0.5 kg., (ICC=0.99, TE=0.2%). Arm span was measured from the right to the left middle finger tip with the arms extended and abducted (ICC=0.99, TE=0.7%). Hand length from the midstylion to dactylion (ICC=0.99, TE=0.3%). (Léger et al., 1988) . Except for the 20m
Physical qualities
shuttle run test, all other tests were performed twice and the best performance was selected for analysis.
Statistical Analysis
Differences in anthropometric and physical qualities of the different playing positions were compared using one-way analysis of variance.
Comparisons of group means were performed 
Results
Descriptive statistics for anthropometric and physical qualities for all players are presented in Backs and pivots were the tallest players, with the largest arm span and hand length, while wings were the shortest with the smallest longitudinal dimensions. Pivots were significantly heavier and they showed the highest BMI among all other players. Goalkeepers were the second heaviest group differing significantly from wings and with higher BMI than backs and wings. Table 3 shows the mean values in physical qualities for playing positions and the differences among them as obtained by the post-hoc tests.
Physical fitness
Backs and wings showed the best performance among all players in the standing long jump, 30m sprint and VO2max. Pivots and backs achieved the highest values in ball throwing velocity.
Goalkeepers performed poorer than all other players when it comes to motor abilities. No significant differences were found among groups in flexibility, although backs seem to be the most flexible players.
Factors correlated to ball throwing velocity
Ball throwing velocity was significantly correlated (p < 0.001) to all anthropometric variables except BMI (Table  4) .
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Concerning physical variables, ball velocity was positively correlated to the standing long jump and estimated VO2max (p < 0.001).
The time achieved in the 30m sprint was negatively correlated (p = 0.014) to ball velocity, indicating that, as long as the ability of attaining maximal speed increases, the ball throwing velocity also increases Four of the seven independent variables (height, body mass, standing long jump and estimated VO2max) contributed significantly to the prediction of ball throwing velocity (Table 5) . 
Discussion
In a few previous studies of elite adult male and female handball players, significant differences were demonstrated among playing positions for height (Srhoj et al., 2002; Chaouachi et al., 2009; Ohnjec et al., 2003) , body weight (Srhoj et al., 2002; Chaouachi et al., 2009) , arm span and hand length (Srhoj et al., 2002) .
Regarding physical fitness, significant differences among playing positions have been reported only for female adult players, specifically for the standing long jump, 30m sprint (Rogulj et al., 2005) and throwing velocity (Fábrica et al., 2008) . When in attack, they do not shoot from a distance and over blocks -as backs do, but from positions near the 6m goal area line, using dive, falling, or curved jump throws (Srhoj et al., 2002) . Centre backs are significantly shorter than pivots and backs. Their main mission is game organizing. In modern handball the anthropometric characteristics of these players should be similar to those of the backs. This is not a finding of the present study, as they appear to be shorter than expected based on literature. This finding is in accordance with a previous study involving young female centre backs who were the second shorter position group (Zapartidis et al., 2009a) . This is probably due to coaches' decision, for this 
Physical fitness
Backs and wings displayed the best performances in the standing long jump, 30m
sprint and shuttle run test, while pivots achieved the highest values in ball throwing velocity.
© Editorial Committee of Journal of Human Kinetics
Wings were the fastest players in the 30m sprint with no significant differences from backs.
These findings are in agreement with previous studies that found that wings are the fastest players of elite adult male (Šibila et al., 2004) , female (Rogulj et al., 2005) and young female teams (Zapartidis et al., 2009a) In their efforts to support their large body mass, during the movements, pivots will probably have a reduced performance in these tasks.
A high aerobic uptake is required in team handball, as players have been reported to cover between 4-6.5 km per game (Šibila et al., 2004; Luig et al., 2008) Coaches should pay more attention to goalkeepers' selection and training, as this position is basic for team's total performance.
In the present study, pivots showed a significantly higher ball throwing velocity than goalkeepers and wings, and no significant superiority over all other positions. This is probably explained due to the largest arm span and hand length, as well as greater body mass they presented in comparison with other playing groups, as it has been reported that these characteristics influence ball throwing velocity at young ages (Zapartidis et al., 2009c) . Previous studies have shown that goalkeepers fall short in medicine ball throwing (Rogulj et al., 2005) or ball throwing velocity (Zapartidis et al., 2009a ), compared to all other players. Ball throwing constitutes an important competitive skill that contributes to the performance of the player and consequently to the performance of the team.
Regarding playing positions, the largest number of throws is executed from the backcourt position (Ohnjec et al., 2003) , from a distance 9 to 13m and therefore players at this position need a high level of muscle power to throw the ball with high velocity. is in accordance with a previous research involving young female athletes (Zapartidis et al., 2009c) . When an athlete has increased body segments, he has an advantage of throwing the ball at a higher velocity, as an increase of a rotation radius should cause a proportional increase of the torque and consequently an increase in the linear velocity of the ball (Fleising et al., 1999) . In the present study a positive correlation between ball velocity and body mass was found. This is in accordance with other research concerning adult handball players (Skoufas et al., 2003) and young female handball players (Zapartidis et al., 2009c) . Conversely, previous studies did not report such correlations between body mass and ball throwing velocity, concerning male baseball athletes (Hooks, 1959) , female volleyball (Ferris et al., 1995) and female handball players (Jöris et al., 1985) . The positive correlation between body mass and ball throwing velocity in the present study could be attributed to a potential linear relationship between body mass and muscular mass.
Standing long jump seems to be the most important factor that influences ball throwing velocity among the parameters measured in the present study. Our data are in accordance with studies involving young female handball players (Zapartidis et al., 2009c) . In addition, it has been reported that there is a significant correlation between vertical jump performance and ball velocity during volleyball spiking (Forthomme et al., 2005) . This is supported by the fact that the main factor affecting ball velocity is the effective energy transition from the ground to the lower extremities and through the kinematic chain to the throwing arm (Jöris et al., 1985) . Ball throwing velocity may also be attributed to the type of muscle fibers as in high velocity movements like throwing; fast motor units are preferentially recruited (Hoff and Almåsbakk, 1995) . It has been demonstrated that in sprinters, jumpers and throwers that the size of the glycolytic fibers (IIx type) is approximately three times the size of the oxidative glycolytic fibers (IIa type), despite the fact that the overall distribution of the slow and fast twitch fibers is proportional in the muscles of the lower and upper extremity (Bergh et al., 1978) .
As the activation of the IIx type fibers is frequent in handball, this could explain the correlation between ball velocity and running speed.
Estimated aerobic capacity has been correlated and contributed to ball throwing velocity. There is a lack of relevant reports, as only one study has examined this relationship, referring to young female handball players, observing a positive correlation between ball velocity and estimated VO2max (Zapartidis et al., 2009c) . In an early study involving adult subjects (Drake et al., 1968) , maximal oxygen uptake expressed in absolute values (l·min -1 ) showed a high correlation with medicine ball throwing. Handball training consists of medium intensity endurance exercises combined with high intermittent exercises with many throws. This training results to equal improvement of both aerobic and anaerobic capacity, as well as power (Izumi et al., 1996) .
Lower back and hamstring flexibility, did not affect throwing velocity in these subjects. A previous study involving young female handball players refers to a positive correlation between these two factors (Zapartidis et al., 2009c) . It has been reported that the elements of torso flexibility and motor control can considerably affect throwing performance (Hong et al., 2001 
Conclusions and practical implications
The results demonstrate that many anthropometric and physical fitness differences performance. Athletes' selection at this age should focus on watching and defining the value of these characteristics, which are largely genetically endowed and limit training effect significantly.
